(Received 28 September 1979) 1. Redox titrations are reported of the metal centres in Japanese-lacquer-tree (Rhus vernicifera) laccase with ferrocyanide. 2. The redox potential of Type 1 Cu was found to increase with ferrocyanide concentration up to a limiting value similar to that for the Type 1 Cu in Type 2 Cu-depleted enzyme (which is independent of ferrocyanide concentration). 3. The redox potential of the two-electron acceptor (Type 3 Cu) is also independent of ferrocyanide concentration in Type 2 Cu-depleted enzyme and lower than values reported for the native enzyme. 4. The two-electron acceptor is present in the oxidized state in the Type 2 Cu-depleted enzyme, though the latter lacks the 330nm absorption band. 5. The redox potential of Type 2 Cu also depends on ferrocyanide concentration, at least in the presence of azide. 6. The redox potentials are affected by freezing the solutions and/or addition of azide, the latter binding to Type 2 Cu with affinity dependent on the redox state of the two-electron acceptor.
An essential feature of the oxidases that form water on reduction of molecular oxygen in their catalytic cycle is the presence in their molecule of at least four metal redox centres (Malmstr6m et al., 1975) . In the case of the 'blue' copper oxidases, two of the metal ions are closely associated with each other and show strong magnetic coupling (Solomon et al., 1976) , but there is evidence for interaction of the two other metal ions as well, either between each other or with the magnetic coupled pair [Holwerda et al. (1976) and references therein]. In the present paper we report new data on the interdependence of the copper sites obtained in the study of the reactions with ferrocyanide of Japanese-lacquer-tree (Rhus vernicifera) laccase and of the enzyme depleted of one of its copper ions, the Type 2 Cu [see the preceding paper (Morpurgo et al., 1980) ]. The four copper ions of laccase are referred to as Type 1 Cu, characterized by a very high molar extinction coefficient at 614nm and narrow hyperfine splitting constant A 1 1 in the e.p.r. spectrum, Type 2 Cu, with more 'normal' optical and e.p.r. parameters, and the Type 3 Cu, the magnetically coupled pair usually associated with a two-electron acceptor absorbing at 330nm (Fee, 1975) . This absorption has recently been reported [the preceding paper (Morpurgo et al., 1980) conditions only shows the signal due to Type 1 Cu, whereas the Type 2 Cu signal is absent, very likely due to reduction of this copper ion (Reinhammar, 1972; Morpurgo et al., 1974) . The Type 1 Cu signal persisted even in the presence of a large ferrocyanide excess, over 10-fold the enzyme molar concentration, i.e. under conditions in which the blue absorption of the Type 1 Cu was completely abolished in the room-temperature spectrum. As a matter of fact a change of colour of the solutions from yellow to green occurred on freezing. On thawing the change was reversed.
Reactions in the presence ofNaN3
The change of colour on freezing was not observed when the reaction with ferrocyanide was carried out in the presence of NaN3 or NaCN. Under these conditions the e.p.r. spectra only showed a modified Type 2 Cu(II) signal (Morpurgo et al., 1974; Desideri et al., 1979) characterized by very narrow A11, 106-10-4cm-' and (O'Reilly, 1973) . 139 x 10-4cm-I, in the presence of N-and CNrespectively. In the attempt to establish whether the Type 2 Cu(II)-N3 complex was in the oxidized or reduced state at room temperature in the presence of excess ferrocyanide, some laccase solutions were anaerobically titrated with ferrocyanide in the presence of NaN3. In Fig. 2 are reported some significant spectra recorded during a titration in 0.05 M-sodium acetate buffer, pH 4.0. The results were qualitatively similar in the pH range 4.0-7.5, but the optical changes at 500nm after the formation of laccase-N3 complexes were better observed at lower pH, because of higher affinity of laccase for N- (Morpurgo et al., 1974) . In Fig. 3 are reported the absorbance changes during the same titration at wavelengths that allow simultaneous control of the redox state of Type 1 Cu (614 nm), Type 2 Cu(II)-N3 complex (500nm), Type 3 Cu (330nm) and ferricyanide (420 and 330nm). The assignment of the 500nm absorption to a Type 2 Cu(II)-N3 complex is discussed below. In the enzyme depleted of Type 2 Cu, NaN3 did not affect either optical or e.p.r. spectra in the pH range 4-7.5.
Discussion
The results of the titration with ferrocyanide of Type 2 Cu-depleted laccase confirm a previous suggestion [the preceding paper (Morpurgo et al., 1980) ] that this protein derivative contains a twoelectron acceptor in the oxidized state, in spite of the absence of the 330nm band. Its redox potential (Table 1) is close to that reported for native laccase (Reinhammar, 1972) , has a similar pH-dependence (Nakamura, 1958) , but, unlike native laccase, is independent of ferrocyanide concentration. In the enzyme depleted of Type 2 Cu, a similar behaviour is also observed for Type 1 Cu. Its redox potential has the-same pH-dependence as in the native enzyme (Nakamura, 1958; present Table 1 ) and is independent of ferrocyanide concentration, unlike in native laccase (Reinhammar, 1972 F close to the highest reported value for native laccase, whereas the redox potential of the two-electron acceptor is close to the lowest reported value for the native enzyme (Table 1) . Such an affect is comparable with that produced by fluoride on native laccase (Reinhammar & Vanngard, 1971) . The data of Fig. 1 (Morpurgo et al., 1974; Holwerda & Gray, 1974 (Haffner & Coleman, 1975) .
It may be concluded that redox centres in laccase are interrelated in an equilibrium system, critically dependent on specific interactions occurring at each site, such as anion binding and redox reactions and on conformational states of the protein, such as that artificially induced by freezing.
